Several recent studies [Farell, B., & Pelli, D. (1993) . Can we attend to large and small at the same time? Vision Research, 33, 2757-72; Shih, S., & Sperling, G. (1996) . Is there feature-based attentional selection in visual search? Journal of Experimental Psychology: Human Perception and Performance, 22, have found that visual selection based on the size of stimuli is impossible when the stimuli are presented in rapid succession in overlapping positions (RSVP paradigm). In the present study effective size-based selection is demonstrated in several conditions with RSVP stimuli. Attention to specific size is highly efficient when stimuli are presented in a single location (at fixation point) and may be possible also with a few (2 -4) locations. When overlapping small and large characters are presented without abrupt onsets, then selection by size is effective at least over six locations. The results are explained by certain mandatory properties of spatial attention.
Introduction
The effects of size-based attention have been demonstrated in many different studies. For instance, reaction times for object recognition are faster when observers know the size of forthcoming stimuli (Larsen & Bundesen, 1978; Cave & Kosslyn, 1989) . Also, size is one of the few visual features that can be used effectively as a cue for selection of objects from brief displays in a partial report task (Von Wright, 1968) .
It is obvious that selection of objects by size (or by any other feature) from an usual display with multiple objects can be mediated by location-based mechanisms, because different objects are usually presented in nonoverlapping positions. In order to look for a direct size-based selection, the small and large objects should be presented in the same locations. Rapid serial visual presentation of stimuli seems to be a good option. Actually, several recent studies have demonstrated the impossibility of size-based selection in RSVP. Farell and Pelli (1993) studied two aspects of size tuning in visual perception: (1) the possibility of attending to small and large stimuli at the same time; and (2) the possibility of attending selectively to one size while ignoring another (irrelevant) size. In the context of the present study the second aspect, and their Experiment 5, are of primary relevance. In this experiment they presented a sequence of 12 frames with 4× 4 characters in each. Two sizes of characters (size ratio 6:1) were mixed randomly in space and time. The task was to identify (and locate) a single numeral among letters. Uncertainty of target size was varied. The authors did not find any significant effect of selection by size: the percentages correct were nearly equal in the conditions of complete information and complete uncertainty about the size of target numeral. The results were the same for both identification and localisation task. Shih and Sperling (1996) used similar methods. They presented a RSVP stream with six characters in each frame. The size of characters was either the same or different in the alternating frames. The task was to identify and locate a numeral presented in the stream of letters. Their results are in accord with Farell and Pelli (1993) : performance was independent of the uncertainty about the size of the target numeral (and also equal in the conditions with same and alternating size of characters). They concluded that direct (early) selection based on size (as well as colour) is impossible; in order to select an object of a specified size, the observer has to attend to its location. Because large and small characters alternated rapidly in the same locations, the mechanism of attending to locations was considered useless in their experiment. Moore and Egeth (1998) suggested why it is possible to direct attention to the subset of differently sized/coloured objects in some visual search experiments but not in others. They used simple, single-presentation, trials in their experiments and found that feature-based selection is ineffective in 'data-limited' conditions (use of masking stimuli, intrinsically easy discriminations) and effective in the conditions without data limitations (RT experiment, no masking stimuli, intrinsically difficult discriminations).
Thus, these studies seem to agree in showing that feature-based selection is impossible when briefly presented stimuli are followed by other stimuli or by maskers that preclude the use of (relatively slow) location-based mechanisms.
However, there are several potentially important aspects of size-based selection not explored in the cited studies. In all three, the same task was used for investigating the size-based selection: observers had to search for a numeral among distracting letters. Usually selection based on this type of category difference is very effective (Sperling, Budiansky, Spivak, & Johnson, 1971) . If the size-based selection is not very effective, then the observers have no need to use it in this task, because category selection can be efficient anyway. Moreover, in Shih and Sperling (1996) and Moore and Egeth (1998) experiments, only a moderate size ratio (2:1) was used. It is possible that these sizes were too similar for effective selection to take place.
In the studies where size-based selection was not found, the small and large objects were presented in multiple (6-16) locations. Things may be different when small and large objects are presented in a single location. For example, when there is a small character printed in the centre of a much larger one you can probably switch your attention voluntarily between small and large letters.
There are theoretical considerations suggesting that the size may have a special role in visual attention. According to the usual understanding, size is one of many simple features (like colour or orientation) and, as such, can be used as a selection cue in certain conditions but not in others. The conditions where selection is possible or impossible are supposed to be more or less similar for all simple features (e.g. Shih & Sperling, 1996; Moore & Egeth, 1998 ). Yet there is an additional aspect that follows from the widely accepted idea about special role of location in visual selection (Nissen, 1985; Treisman, 1986 ; Van der Heijden, 1992) and elementary geometrical interpretation of its mechanism. Obviously, it is impossible to define the 'spotlight' of attention by its location (x, y) only, its size (e.g. radius r) is also necessary. Thus, the size may be simultaneously the feature to be attended and the parameter of attentional mechanism. Because of this duality it is reasonable to expect that in some conditions size can behave differently as compared to other simple features like colour (the 'spotlight' of attention has supposedly no colour).
In the present study I have attempted to explore several variations of the RSVP paradigm in which the size-based visual selection would be possible. In different experiments the number of locations (parallel RSVP streams), size ratio of large and small characters, task (letter detection vs. digit identification) and temporal structure of RSVP stream (presence vs. absence of visible abrupt onsets) were varied.
General methods

Stimuli
In the following experiments the uppercase letters and numerals of computer built-in font (with character size of 7× 12 pixels) and their enlarged copies were used as stimuli. The size of the smallest (standard) letter was 3× 5 mm. The viewing distance was approximately 60 cm and the size of this character corresponds to about 0.3× 0.5°of visual angle. Enlarged characters were designed simply by replacing each original pixel with the square of appropriate size. The largest (eightfold) letter had size of 24×40 mm (2.4× 4.0°). The characters were drawn in light grey on the dark background. In order to make the visibility of large and small letters approximately equal, the luminance of characters was varied proportionally to the inverse of their size (the contrast energy was held nearly constant). An exception was Experiment 2b, where small and large characters had equal luminance. Examples of the stimuli are presented in Fig. 1 . In the Experiment 3 green and red characters were used. Their luminance was also balanced for approximately equal visibility of both colours.
In each trial a succession of 16 frames was rapidly presented. A frame consisted of either one (Experiments 1 -3) or multiple (Experiments 4 and 5) characters. Frames with large and small (or green and red) characters alternated in the RSVP stream. The observer's task was either to detect a target letter or identify a target numeral among the distractor letters. Targets never appeared in the first two or last two frames of a RSVP stream.
Procedure
The main experimental variable was the state of attention, manipulated by instruction and respective uncertainty about target size (or colour). Three simple conditions were used: two with complete information (target large, with probability 1, and target small, with probability 1), and one with maximum uncertainty (target either large or small, with probability 0.5). Experiments were run in blocks of 50 trials. At the beginning of every block, the observer was informed about the current experimental condition and instructed to attend to either the large (or red), the small (or green), or any characters. Trials were initiated by the observer pressing the enter key on the computer keyboard. After a delay of 0.5 sec, a RSVP sequence was presented. (The exposure duration and inter-stimulus interval were varied across different experiments and conditions). After exposure, the observer entered his/her response through the keyboard. Feedback was provided on each trial, by displaying the correct answer. The order of blocks with different conditions was counterbalanced and varied for different observers.
Subjects
A total of 14 observers (four males and ten females, aged between 19 and 51) took part in these experiments. All had normal or corrected-to-normal vision. From two to five observers participated in each experiment. E.P. (the author) took part in all experiments. Other observers participated in one to two experiments. They had no previous experience in psychophysical experiments and were ignorant about the background and purpose of the present study.
Statistical analysis
The data are percent corrects. These were analysed using ANOVA; using the Logit transform made no practical differences (and is not presented here). In addition to separate analysis for each observer a random factor ANOVA model was used with data pooled over observers to estimate the significance of results relative to inter-observer variability. Corresponding degrees of freedom, calculated using Satterthwaite's (1946) method, may have non-integral values (e.g. in Experiment 4b).
Experiment 1: single location, varied mapping letter detection task
In the first experiment a simple condition was run, where a single RSVP stream was presented. The observer's task was to detect a target letter (varied across trials) among other (distractor) letters. In this experiment the size ratio of large and small letters was varied (up to 8). In these conditions effective selection is expected (at least with large size ratios).
Methods
A RSVP stream of alternating small and large letters was presented at the fixation point (see Fig. 1a ). Each letter was exposed for two monitor refresh cycles (34 ms). Interval between stimuli was 34 ms as well. Presentation of the 16 letters took approximately 1 second. The letters were drawn randomly with replacement from the 26-letter English alphabet.
Before every trial, one random letter was designated to be target, and was displayed below the search area. On the target-present trials (50% of trials) this letter appeared once in the RSVP stream; on the target-absent trials it did not appear. The observer pressed the 1 key for target present, or the 2 key for target absent.
There were three conditions of attention (uncertainty): 1. attend to small letters (target if present could be only a small letter); effect may be less for size ratio two (especially for observer K.A.). It is clear that the selection must become impossible with decreasing size ratios, somewhere between 1 and 2, but it is not possible to estimate this threshold accurately from the present data. The effect of attention condition (large, small or both sizes) was highly significant for both observers (F(2, 1090)=26.1, PB0.001 for E.P. and F(2, 1090)= 15.8, PB 0.001 for K.A.). For observer K.A. the effects of size ratio, and attention condition× size ratio interaction were also significant (F(3, 1090)= 2.96, PB 0.05 and F(4, 1090)=2.8, PB0.05, respectively).
Post hoc pair-wise comparisons (Tukey HSD) confirmed that there was no significant difference between attend-large and attend-small conditions while both were reliably different from attend-both condition (PB 0.001, both comparisons for both observers).
Contrasts between attend-one and attend-both conditions were calculated for each size ratio. The differences were significant for all size ratios (2, 4 and 8) for observer E.P. (F(1, 1090)=28.6, PB 0.001, F(1, 1090)=31.2, PB 0.001 and F(1, 1090)= 7.48, PB 0.01, respectively) and for size ratios 4 and 8 for K.A. (F(1, 1090)= 28.4, PB 0.001 and F(1, 1090)= 7.77, PB 0.01, respectively) and marginally significant for size ratio 2 for K.A. (F(1, 1090)= 3.24, P= 0.07). Finally, ANOVA with pooled data and observer as random factor was run, that confirmed the reliability of the main effect of attention condition on the background of inter-observer variability (F(2, 2)= 34.3, PB 0.05).
In Yes-No detection experiments like these the percentage correct is determined by both sensitivity (d%) and decision criterion (c). In order to rule out this ambiguity an additional analysis was performed. The proportions of hits and false alarms were converted to d%. The results based on d% showed the same pattern as these based on raw percentages correct, and thus confirmed that really sensitivity was changed across the experimental conditions.
The present data do not support the hypothesis that the moderate (2:1) size ratio may be the main reason of ineffective selection in Shih and Sperling (1996) and Moore and Egeth (1998) experiments, but a ratio larger than two should be used to optimise size-based selection.
What can we say about possible mechanisms of the revealed attentional effect? There are at least three different factors that may limit the performance in similar RSVP tasks: forward and backward visual masking, integration of unreliable information at the decision level, and limited capacity of perceptual processing (e.g. Fisher, Duffy, Young, & Pollatsek, 1988) . Differences between attend one and attend both conditions cannot be explained by any simple masking hypothesis because the displays were identical and (peripheral/automatic) masking effects should be equal 2. attend to large letters (target if present could be only a large letter); 3. attend to both scales (target could be either small or large letter). The conditions of attention as well as the sizes of small and large letters were held constant within blocks of trials. Four different letter sizes (1, 2, 4 and 8) were used. All combinations of these four scales were included in the experiment: six with differently sized letters (1:2, 1:4, 1:8, 2:4, 2:8, 4:8) and four with equalsized letters (1:1, 2:2, 4:4, 8:8). With equal-sized letters, of course, only a single condition of attention could be applied. Thus, there were 22 different blocks in total. Two observers ran 50 trials per block (in total 1100 trials per observer).
Results and discussion
Preliminary analyses revealed that the absolute size of the target letter had no significant effect on the performance. Consequently the blocks with different absolute sizes but with the same size ratio (e.g. 1:2, 2:4, and 4:8) were pooled. The main results are given in Fig. 2. An effect of size-based selection is evident in all size ratios from 2 to 8. There is some evidence that the in both conditions. Decision models based on the signal detection theory predict a decline in performance as a result of increasing the number of relevant stimuli (set-size) even if the processing of individual stimuli is independent of set-size. In my experiment the relevant set size was 6 for attend one and 12 for attend both conditions (note that first two and last two frames never comprised targets). The decision integration (or uncertainty) model (Shaw, 1980; Palmer, Ames, & Lindsay, 1993; Eckstein, 1998) would predict a difference of a few percentage points in these conditions. The actual difference between uncertain and certain target size conditions is clearly much larger. With doubling the relevant set size from 6 to 12 the percentage correct fell from 93 to 70 for observer E.P. and from 96 to 75 for K.A. (only size ratios 4 and 8 considered). Thus the present results can best be explained by some capacity limited mechanism which is unable to process 12 characters with the same accuracy as six characters within the same time interval. However, the results do not exclude some other types of models, e.g. masking modulated by the voluntary attention. Outlines of a possible model will be presented in Section 8.
Experiment 2: single location, identification of a numeral among letters
The first experiment demonstrated that size-based selection may be very effective in a single RSVP stream at fixation, with a varied mapping, target letter detection, task. In this experiment I explore the selection efficiency with a task similar to that of the previous studies -identification of a digit among letters, also within a single RSVP stream.
Methods
Methods were similar to Experiment 1 with the following differences.
In this experiment only one size ratio 1:4 was used. Thus the small and large characters had size 3×5 mm (0.3 ×0.5°) and 12×20 mm (1.2×2.0°), respectively. The target numeral was drawn from nine numerals (1 -9) and was present in each trial. Distractors were random letters. The observer's task was to identify a single digit in the stream of letters and enter its identity through the keyboard. Three attention conditions (attend to large, small or both sizes) were used. The presentation rate was increased: the exposure duration and inter-stimulus interval were 17 ms.
Two versions of Experiment 2 were run. In experiment 2a the luminance of characters was proportional to the inverse of their size (as in experiment 1). Experiment 2b was run in order to control the possible confound from luminance-based selection. In this experiment the small and large characters had equal luminance.
Three observers took part in Experiment 2a. Each of them ran 100 trials attending either to small or to large characters, and 200 trials attending to both sizes. Five observers ran Experiment 2b (with similar numbers of trials).
Results and discussion
The results of Experiment 2a are depicted in Fig. 3 . All observers exhibited a highly significant effect of selection: performance in the known target size condition is higher than in the uncertain target size condition (F(1, 396)= 47.4, PB 0.001, F(1, 396)=10.1, P B 0.01 and F(1, 396)=34.5, PB 0.001, for E.P., J.T. and E.T., respectively). The effect seems to be somewhat smaller than in Experiment 1, but the two experiments are not directly comparable because of different numbers of response alternatives. Anyway, it is confirmed that the size-based selection is possible in digit identification task, when a sequence of characters is displayed at the fixation point.
The effect of target size was not significant but the target size× attention interaction was significant for all three observers (E.P.: F(1, 396)= 7.30, P B 0.01, J.T.:
F(1, 396)= 6.13, P B 0.05 and E.T.: F(1, 396)= 10.9, PB 0.001); the small characters were more affected by the attention instruction. This effect may be related to the precedence of global-level information processing (Navon, 1977) . If the global level is attended first spontaneously, then voluntary attention effects become relatively weaker. An ANOVA with pooled data and the observer as random factor confirmed the reliability of the main effect of attention condition (F(1, 2)= 25.8, PB 0.05) as well as attention× target size interaction (F(1, 2)= 180, P B 0.01).
The results of Experiment 2b are given in Fig. 4 . Performance differed across observers in terms of total level of accuracy and the effect of target size. However, most importantly, four out of five observers exhibited highly significant effect of size-based attentional selection (F(1, 396)= 10.3, F(1, 395)= 14.3, F(1, 396) = 18.7, F(1, 396)= 38.8 for E.P., A.N., K.E. and R.A., respectively, PB0.001 for all). One observer (E.N.) did not benefit significantly from prior information about target size (F(1, 396)= 1.71, P =0.19).
Target size had significant effect for two observers: E.P. (F(1, 396) =150, PB0.001) and A.N. (F(1,  395) = 7.8, P= 0.01), and attention× target size interaction effect was reliable for other two: E.N. (F(1,  396) = 7.01, PB 0.01) and R.A. (F(1, 396) = 8.14, P B 0.01).
The ANOVA with pooled data (attention condition and target size as fixed, and observer as random factors) confirmed the significant effect of attentional selection (F(1, 4)= 22.4, P B0.01).
In conclusion, this experiment again demonstrated the effective size-based selection with RSVP stimuli, and the possible confound of luminance-based selection, implicit in the format of experiments 1 and 2a, was excluded.
Experiment 3: impossibility of colour-based selection
The first two experiments revealed that the size-based selection may be fairly efficient when RSVP stimuli are presented in a single location. Previous studies with multiple locations (Shih & Sperling, 1996; Moore & Egeth, 1998) have reported that selection by size and colour follow more or less similar laws. In this experiment I test this supposition in the condition of single RSVP stream.
Methods
Methods were similar to the previous experiments with the following differences.
In this experiment size ratio 1:1 was used. The characters with size 6× 10 mm (0.6×1.0°) were presented. The alternating letters were green and red. The target was a varied mapping letter among distractor letters as in the first experiment. The exposure duration and inter-stimulus interval were equal to two refresh cycles of the monitor (34 ms).
Three attention conditions were: 1. attend to green letters (target if present could be only a green letter); 2. attend to red letters (target if present could be only a red letter); 3. attend to both colours (target could be a letter of either colours).
Four observers run 100 (or 150) trials attending either to green or to red letters, and 200 trials attending to both colours. 
Results and discussion
The results are given in Fig. 5 . Three out of four observers exhibited no significant effect of attention condition (F(2, 497)= 1.69, P = 0.185, F(2, 397)= 0.904, P= 0.406 and F(2, 397) =0.198, P = 0.82 for E.P., J.T. and E.V., respectively). For the fourth observer (E.T.) this effect was significant (F(2, 397)= 5.59, PB 0.01), but is completely explained by different processing efficiencies of green and red targets (probably evidence of imperfect balance of visibility between red and green letters for this observer). The effect of combined condition attend-one versus attend-both was not significant for her (F(1, 398) = 1.33, P = 0.249) as well as for others.
As in Experiment 1, the possible effect of criterion bias was checked by additional analysis in terms of d%. No indication of an attentional effect was found.
In contrast with the first two experiments where the effect of size-based selection was found, the information about target colour seems to be completely useless when searching RSVP stream for a target letter. These results obtained with single-location RSVP are in accord with the previous studies where multiple locations were used and confirm the conclusions of Shih and Sperling (1996) about the impossibility of direct colourbased selection. The results also show that the selection by size and by colour can behave very differently, and thus provide support for the idea that size may have a special status in visual selection.
Experiment 4: multiple locations
The first two experiments showed that when characters are presented in a single RSVP stream at the fixation point, then selection by size is well possible. In similar experiments, when characters were presented in six locations around the fixation point, Shih and Sperling (1996) demonstrated the impossibility of size-based selection. Because these experiments had several differences, it was desirable to study the effect of the number of locations more directly, using the same stimuli and procedures as before, however with different number of locations. This was carried out in the next experiment.
Methods
Two versions of Experiment 4 will be reported. Methods of Experiment 4a were similar to those of Experiment 2a, with the following differences. In this experiment the characters (RSVP streams) were displayed in two, four and six locations around the fixation point (see the examples in Fig. 1b) . The eccentricity of characters (to the centre of character) was 36 pixels (15 mm, 1.5°). To prevent both overlapping of large letters and too large an eccentricity for small letters, the size ratio 3:1 was used. The small and large characters had size 3× 5 mm (0.3× 0.5°) and 9× 15 mm (0.9× 1.5°), respectively. The task of observer was to identify a single digit among letters. In order to hold performance within an acceptable range, the exposure duration and inter-stimulus interval were varied proportionally to the number of locations. Thus, the values of exposure duration and inter-stimulus interval were 34, 68 and 102 ms for two, four and six locations, respectively. Three observers run 400 trials per each number of locations (100 attending to large, 100 attending to small and 200 attending both sizes).
Experiment 4b was run in order to control the possible confound of exposure duration (and inter-stimulus interval) that were co-varied with number of locations in Experiment 4a. In Experiment 4b only two and six locations were used. Three values of exposure duration (equal to inter-stimulus interval) were applied: 17, 34 and 68 ms for two locations, and 34, 68 and 136 ms for six locations. Four observers run 200 trials per each number of locations×exposure duration combination (50 attending to small, 50 attending to large and 100 attending to both sizes).
Results and discussion
The main results of Experiment 4a are presented in Fig. 6 (the percentages are pooled over small and large targets for presentation clarity). The data from all three observers show similar patterns. There is a clear difference between certainty and uncertainty conditions for two locations, declining to virtually zero for six locations.
ANOVA revealed a reliable effect of attention for all three observers (F(1, 1188)= 11.3, PB 0.001, F(1, 1188)= 10.4, PB0.001 and F(1, 1188)= 9.93, PB 0.01 for E.P., K.R. and A.N., respectively). There was also significant effect of target size: in spite of reduced contrast of large characters all observers identified the large characters better than the small characters (F(1, 1188)= 63.8, F(1, 1188)=12.7 and F(1, 1188)=15.1 for E.P., K.R. and A.N., respectively, PB0.001 for all). This effect can be reasonably explained by reduced spatial resolution at parafovea that affects primarily the perception of small characters. The attention× number of locations interaction was significant for observer E.P. (F(2, 1188) =3.86, PB0.05) and nearly significant for A.N. (F(2, 1188) =2.84, P=0.06).
Significance of contrasts between attend-one and attend-both conditions was estimated for each observer for each number of locations. The difference was significant for all three observers with two locations (F(1, 1194)= 17.2, PB 0.001, F(1, 1194)=4.3, PB0.05 and F(1, 1194)= 14.7, PB 0.001 for E.P., K.R. and A.N., respectively) and for one observer (K.R.) with four Results of experiment 4b, averaged over four observers, are given in Fig. 7. (The results of individual observers are not presented because of small number of observations per condition.) In this figure percentage correct is graphed as dependent on the period of RSVP (exposure duration+inter-stimulus interval) for different numbers of locations and attention conditions. With two stimulus locations, effect of attention is present for all values of period studied (the curve of attend-one is higher than the curve of attend-both). With stimuli in six locations there is obviously no effect of attention (two curves overlap for all values of period).
ANOVA with observer as random factor revealed that all three variables of interest (period of RSVP, number of locations and attention) had significant effect on the performance (F(3, 13. 2)= 46.7, PB 0.001; F(1, 3)=223, PB 0.001 and F(1, 4.3)= 16.4, PB 0.05, respectively). Target size had no effect in this experiment (F(1, 3.3)= 0.63, P=0.48). A reliable attention× number of locations interaction (F(1, 3)=12.8, PB 0.05), confirmed the different effect of attention with different number of locations, while controlling for the effect of presentation rate (period of RSVP).
Both versions of Experiment 4 demonstrated the effect of number of locations on the efficiency of sizebased selection and showed that this variable can explain the main differences between my first two experiments and those of Shih and Sperling (1996) . It seems to be that size-selective attention can be effec- locations (F(1, 1194)=9.68, P B0.01). With six locations the effect was insignificant for all three observers.
An ANOVA with pooled data and observer as random factor confirmed highly reliable effect of attention (F(1, 2)= 1889, PB0.001). The effect of number of locations ×attention interaction didn't reach significance in this analysis (F(2, 4)=4.99, P =0.08) as well as the effect of target size (F(1, 2)= 12.8, P = 0.07).
The average effect of selection (difference in percentages correct between attend one and attend both conditions, averaged over all observers in Experiments 2a and 4a) was 25, 15, 9 and 1 percentage points for numbers of locations one, two, four and six, respectively. tively distributed only across a few locations with RSVP stimuli.
As usual in visual search experiments, I cannot prove conclusively that stimuli in multiple locations were indeed processed in parallel. Alternatively, it can be argued that attention was switched serially through the locations with the rate equal to about 40 ms per location. With this assumption, however, it would be hard to explain why the efficiency of a serial process should decline with increasing the number of locations (because the exposure duration of stimuli was increased proportionally to the number of locations in Experiment 4a). With the assumption of parallel processing it is natural that the selection efficiency can decline when the processing must be controlled in more locations (e.g. limited resources of some type must be distributed over these locations).
In spite of the significant effect of attention on the performance, the size-based selection in Experiment 4 was not easy. The voluntary control of attention over multiple locations needed a considerable effort and the task was very uncomfortable to the observers. The flickering characters of irrelevant size seemed to catch one's attention involuntarily. (A similar effect in the domain of locations has been documented in many studies, e.g. Yantis & Jonides, 1984.) This observation suggested the next experiment.
Experiment 5: non-onset stimuli
It appeared that the voluntary control of attention may be difficult because of reflexive capture of attention by flickering stimuli. In the present experiment I tried to use similar stimuli without visible onsets and offsets.
Methods
Methods were otherwise identical to the Experiment 4, only the temporal structure of RSVP stream was changed (Fig. 8, bottom) . The small and large characters were interlaced with each monitor refresh cycle (17 ms) without inter-stimulus intervals (blank frames). For attaining an acceptable level of performance the identical pairs of frames were repeated several times (four, eight or 12 times for two, four and six locations, respectively).
This sequence of stimuli creates impression that both small and large characters are permanently present and changing their identity over certain intervals. Factually, the rate of presentation of new objects (characters per second) was equal in Experiments 4 and 5. Fig. 9 gives some sense what the stimuli of Experiment 5 looked like from the observer's point of view, except that the identity of all characters in the display periodically changed. 
Results and discussion
The results of this experiment are given in Fig. 10 . The change of temporal structure fundamentally changed the performance. Now, a very large effect of selection, independent of number of locations, is present. (Also, the introspective impression was very different. Without distracting stimulus onsets it was easy to switch attention voluntarily between the two size scales.) Statistical analysis confirmed highly reliable effects of attention for both observers (F(1, 1188)= 91.6 and F(1, 1188)= 125 for E.P. and T.A., respectively, PB 0.001 for both). The effect of target size was also significant (F(1, 1188)=13.8 and F(1, 1188)=24.0 for E.P. and T.A., respectively, PB 0.001 for both), but its direction Fig. 9 . Approximate view of stimuli used in Experiment 5. Small and large characters were interlaced with each monitor refresh cycle (17 ms) that creates the impression of compound image where small and large characters are superimposed on each other. Number of locations was varied from 2 to 6. The size ratio was 1:3. to global and local levels of compound stimuli when the stimuli were presented without rapid onsets.
Comparison of the results of the same observer E.P. in Experiments 4a and 5 indicates (as one reviewer noticed) that reducing the flickering in Experiment 5 actually impaired the performance in the attend-both condition without much impact on the accuracy when attending to one size. This result seems to suggest that rapid onsets may increase the total efficiency of perceptual processing in some conditions, a new version of a hypothesis refuted by Kowler and Sperling (1980) . However, in my experiments, there were also different conditions of masking (in Experiment 4 forward and backward masking should dominate, in Experiment 5 simultaneous masking is probably more important) and this difference may account for different levels of performance across the experiments.
In Fig. 11 , the results of the last experiment are graphed as the performance on large vs. performance on small scale, the format of the attention operating characteristic (Sperling & Melcher, 1978; Dale, Koch, & Braun, 1999) .
It is assumed that attentional resources are undifferentiated, and that with full attention allocated to one size performance should be at chance level on the other in this experiment was different for two observers: E.P. was better with large, T.P. with small numerals. The attention× target size interaction effect was reliable for T.A. (F(1, 1188) = 11.7, P B 0.001) and target size× number of locations interaction for E.P. (F(2, 1188) = 5.91, PB0.01). In spite of these differences across the observers (that probably can be explained by different strategies), the main issue of interest, the effect of attention, was unambiguous and the same for both of them. Also, ANOVA with pooled data and observer as random factor confirmed the reliable effect of attention (F(1, 1)=219, PB 0.05).
When stimuli have no salient rapid onsets, attention can be voluntarily directed to small or large characters in many different locations simultaneously, and overlapping characters with irrelevant size can be effectively ignored. Experiments 4 and 5 together show that sizebased selection with multiple location RSVP stimuli is difficult or impossible because of the distracting effect of rapid onsets of irrelevant stimuli. The importance of rapid onsets is consistent with the results by Kramer and Hahn (1995) who found that subjects were able to distribute their attention over two non-contiguous areas when non-onset stimuli were used. The present results can also be compared with those of Stoffer (1994) who has demonstrated the effective pre-cueing of attention size. All data points lay approximately on straight lines with slope −1 (the improvement of performance for one size implies equal decline for the other size). This picture is consistent with simple attention switching as well as with some other fixed capacity models. The present study cannot elaborate this theme further (does attention switching take place across or within trials, or can attentional resources be distributed simultaneously between two scales).
General discussion
Several recent studies have found that visual selection based on simple features like colour and size is impossible, when stimuli are presented in rapid succession in overlapping positions. In the present study it was demonstrated that size-based selection is possible in several conditions with similar RSVP stimuli. Attention to specific size is highly effective when RSVP stimuli are presented in single location at fixation point, and may be possible also with stimuli in a few (2-4) parafoveal locations. Mainly the distracting effects of rapid onsets of task-irrelevant stimuli can explain the difficulties of size-based visual selection with RSVP stimuli in multiple locations. When the overlapping small and large characters are presented without salient onsets, then selection by size is effective at least over six locations positioned in the circular array around fixation point, without any indication of decline at larger number of locations. All these results are valid for size only; colour-based selection was impossible even within a single RSVP stream presented at the fixation point.
The results of the experiments reported here can be most readily explained by certain properties of spatial attention. It is probably accepted, but often overlooked, that the 'spotlight' or 'window' of locationbased attention should be characterised at least by both its location and its size (attending to a particular position without explicitly or implicitly specifying the size of attended area is virtually nonsense). Also, several studies have found that the size of 'spotlight' can vary as a function of task and stimuli (e.g. LaBerge, 1983; Eriksen & St James, 1986; Nakayama & Mackeben, 1989 ). Thus, it is possible to attend to differently sized areas in the same position. And when there are small and large objects centred in the same point, they can be (at least partially) separated by this genuinely locationbased mechanism. Fig. 12 illustrates how this simple mechanism may work with the stimuli applied in the present study.
When we attend to the small central area (corresponding to the size of small letters) we can obtain all available information related to the small letters and only a little part of distracting information from larger scale. In order to select the information related to the large letters we should attend to the peripheral area of large characters (i.e. excluding the area of small characters in the centre). Although this ring-shaped attentional window seems somewhat unusual, it can be supported by several studies. It has been found that observers are able to attend selectively to the stimuli in a specified ring around the fixation (Egly & Homa, 1984) , and there are observations that 'outside is more salient than inside' in object perception (Subirana-Vilanova & Richards, 1996) . Alternatively, in order to select the information from the larger scale we may attend to the whole area occupied by both large and small characters while selectively attenuating irrelevant information from small letters by low-pass filtering of spatial frequencies (or by some other mechanism for that matter).
The differently coloured characters, presented sequentially in the same location, cannot be separated by a similar mechanism, because they cover more or less equal areas. Thus, the present results do not falsify the idea that, in general, the feature-based selection is mediated by location (Nissen, 1985; Tsal & Lavie, 1993; Shih & Sperling, 1996) . The size has privileged status among visual features because it 'fits' directly to the location-based mechanism of early selection.
Such selection may be primarily spatial or spatial-frequency based (e.g. Davis, Kramer, & Graham, 1983) . Solomon and Pelli (1994) have argued that letter recognition by humans is mediated by a band-pass filter tuned to approximately three cycles per letter, whose tuning function falls rapidly outside the two-octave band. Similar filters may be well used for the size-based selection of letters. But there is evidence that simple spatial frequency filtering cannot be the full explanation. Several studies (e.g. Harmon & Julesz, 1973) have demonstrated that it is hard to voluntarily select relevant (or suppress irrelevant) spatial frequencies from complex pictures (at least when frequency differences are not very large). Independent variation of object size and spatial frequency content would be needed to clarify the interplay of both of these attributes in visual selection.
There has been a long debate over the possibility to distribute visual attention over several non-contiguous areas (Shaw & Shaw, 1977; Posner, Snyder, & Davidson, 1980; Castiello & Umiltà, 1992; McCormick, Klein, & Johnston, 1998) . My results are in accord with the viewpoint that it is possible to attend to several locations simultaneously (see also Awh & Pashler, 2000) . Also, in accord with many studies (Yantis & Jonides, 1984; Mü ller & Rabbitt, 1989; Stoffer, 1994; Kramer & Hahn, 1995) , I found a strong effect of rapid onsets on the control of attention. Irrelevant rapid onsets can be fairly well ignored when a single relevant stimulus is presented at the fixation point. But it is very difficult to ignore differently sized rapid onset distractors when several relevant stimuli should be attended in different locations.
There is some evidence that simple location-based selection has definite constraints comparable to these of size-based selection studied in the present research. For example, Palmer et al. (1993) found that selection of two relevant locations out of eight was nearly perfect (the distractors could be ignored as if they were not present), but the effect of selection was barely noticeable with four relevant locations. Krö se and Julesz (1989) reported that spatial pre-cueing of three relevant locations had significant effect on the performance while five pre-cues had no effect.
The design of the present experiments was very similar to the 'set for size' experiment by Egeth (1977) where also a digit identification task was used within three conditions (small, large and intermixed sizes), and where no effect of size uncertainty was found. However, in the Egeth (1977) study only single digit per trial was presented and, consequently, no real selection was needed. Onset of stimulus may automatically switch attention to the actual size of presented single object, independent of observer's expectancy.
In conclusion, the reported experiments revealed two important factors that determine the possibility or impossibility of size-based selection in the conditions of RSVP -the number of relevant locations and the salience of rapid onsets of stimuli. Size (together with location) was found to have a special role in visual selection. That two simple features -size and colour, behave differently in these experiments, reminds that we should not trust too much the abstract laws pretending to cover universally all visual features or dimensions.
